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Aneurysmal degeneration of the donor artery after
vascular access
Jean Marzelle, MD,a Valbon Gashi, MD,b Hong-Duyen Nguyen, MD,c Albert Mouton, MD,d
Jean-Pierre Becquemin, MD,a and Pierre Bourquelot, MD,e Créteil, Tourcoing, Olivet, and Paris, France;
and Pristina, Kosovo
Objective: This retrospective study analyzed the characteristics, potential risks, and therapeutic options of true aneurysms
of the donor artery in arteriovenous fistulas (AVFs) for dialysis access.
Methods: We retrospectively collected data of patients with aneurysmal degeneration (AD) after AVF creation from
surgeons who were members of the French Society for Vascular Access, treated from January 2006 to May 2011. The
study excluded patients with pseudoaneurysms. Patient demographics, type of access, aneurysm characteristics, symp-
toms, treatment, and follow-up were recorded.
Results: Seven men and three women (mean age, 38.1 5.3 years) were identified with AD (mean diameter, 44.5; range,
24-80 mm) Mean duration of access was 83.6  48.8 months. Diagnosis of AD was at 117.5  53.8 months after access
creation. The initial access was radiocephalic, six; ulnobasilic, one; brachiocephalic, two; and brachiobasilic, one. Three
patients had two successive accesses: one brachioaxillary polytetrafluoroethylene (PTFE) graft and two proximalizations
of a failed radiocephalic AVF. Symptoms were pain and swelling, four; pain related to total thrombosis without signs of
ischemia, two; median nerve compression, two; pain related to contained rupture, one; and subacute ischemia due to
embolic occlusion of both radial and interosseous arteries, one. AD location was brachial, seven; axillary, one; radial, one;
and ulnar, one. Eight patients underwent surgical aneurysm excision associated with interposition bypass using great
saphenous vein, two; basilic vein, one; PTFE, three; Dacron, one; and allograft, one. Two patients needed secondary
PTFE bypass because of progression of AD to the inflow artery and dilatation of the venous bypass. With a mean
follow-up of 20.3  17 months, all bypasses but one remained patent.
Conclusions: AD is a rare but significant complication of vascular access. Surgical correction should be discussed in most
cases due to potential complications. After resection, the choice of reconstructive conduit is not straightforward. (J Vasc
Surg 2012;55:1052-7.)
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mPeripheral aneurysms in end-stage renal disease
(ESRD) patients undergoing hemodialysis are generally
anastomotic aneurysms that occur between the artery and a
prosthetic graft or are venous aneurysms located at the site
of repetitive punctures of the venous segment of the arte-
riovenous fistula (AVF). Arteriomegaly has seldom been
reported. Arterial dilatation of the donor artery after cre-
ation of a vascular access for hemodialysis is a common
finding as the artery adapts to the increased flow rate.1
Conversely, real aneurysmal degeneration (AD) after a
long-standing AVF seems to be rare: we report 10 patients
and analyze the literature to clarify potential risks and
indications for surgery.
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According to suggested standards,2 an aneurysm is
efined as a diameter enlargement of the artery of50% of
he normal expected diameter. We thus refer to arterial
ilatation when the diameter of the artery is moderately
nlarged (50%) and to AD when the diameter enlarges
50%. After a case presentation of AD after vascular access,
t the French Society for Vascular Access Annual Meeting
n 2010, the data of patients with AD were collected from
ve surgeons who were members. These patients had been
reated from January 2006 to May 2011. Patients with
seudoaneurysms were excluded from the study.
All case notes were reviewed, and each surgeon orga-
ized a follow-up visit, consisting of a physical examination
nd duplex ultrasound (DUS) scanning of upper limb
rteries and veins to obtain the most recent information on
he patient’s status. Most anatomic findings, such as diam-
ter, were derived from the DUS imaging. Demographics,
omorbidities (smoking, hypertension, diabetes, dyslip-
demia), type of access (Table I), aneurysm characteris-
ics, symptoms, treatment, and follow-up were recorded
Table II).
ESULTS
We identified 10 patients (seven men). Patients were a
ean age of 38.1  5.3 years at the time of vascular access
reation. Risk factors were smoking (50%), diabetes (40%),
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Volume 55, Number 4 Marzelle et al 1053hypertension (70%), and dyslipidemia (30%). Eventually,
80% of patients had kidney transplants, allowing discontin-
uation of hemodialysis.Mean duration of access was 83.6
48.8 months (range, 17-146 months). Diagnosis of AD
occurred 117.5  53.8 months (range, 22-192 months)
after access creation.
Access was located at the forearm in seven patients and
at the arm in three. Type of initial access was radiocephalic
in six, ulnobasilic in one, brachiocephalic in two, and brachio-
basilic in one. Three patients had two successive accesses: one
Table I. Demographics of 10 patients with aneurysmal de
Pt. Age Sex
Smoking
status Diabetes HTN Dyslipidemia
1 44 M Yes No Yes No
2 34 F No Yes No Yes
3 42 M Yes Yes Yes No
4 37 M No No Yes Yes
5 41 M Yes No Yes No
6 41 M Yes Yes Yes Yes
7 27 M Yes Yes Yes No
8 42 F No No Yes No
9 40 F No No No No
10 33 M No No No No
AVF, Arteriovenous fistula; AVG, arteriovenous graft; BA, brachioaxillary;
saphenous vein; HTN, hypertension; M, male; RC, radiocephalic; UB, ulno
Table II. Characteristics of aneurysmal degeneration (AD
Pt
Type of
access Symptoms and signs Site of AD
1 BB AVF Pain (thrombosis) Brachial
BA AVG
2 UB AVF Pain (thrombosis) Ulnar
3 BC AVF Subacute ischemia Brachial
4 RC AVF Pain and swelling Brachial
Pain and swelling Axillary
5 RC AVF Pain and swelling Axillary
6 RC AVF Pain (contained rupture) Brachial  radial
7 BC AVF Median nerve
compression
Brachial
8 RC AVF Pain and swelling Brachial  radial
Median nerve
compression
Brachial  graft
9 RC AVF Pain and swelling Axillary  brachial
10 RC AVF Pain and swelling Radial
AVF,Arteriovenous fistula;AVG, arteriovenous graft; BA, brachioaxillary; BB
RC, radiocephalic; PTFE, polytetrafluoroethylene; UB, ulnobasilic.brachioaxillary polytetrafluoroethylene (PTFE) graft and dwo proximalizations of a failed radiocephalic AVF. Three
ccesses occluded before diagnosis of AD. The fistula in six
atients was ligated, and two additional patients underwent
roximal ligation, all because of high flow (1 L/min)
easured by DUS scan. At the time of the AD diagnosis,
nly three patients had a patent access.
Symptoms were pain and swelling in four patients, pain
elated to total thrombosis without signs of ischemia in
wo, median nerve compression in two, pain related to
ontained rupture in one (Fig 1), and subacute ischemia,
ration (AD)
idney
splant Type of access
Age of
access
(months)
Intervention or
occlusion
AD onset
(months)
Yes BB AVF 24 Occlusion 153
BA AVG 24 Occlusion
No UB AVF 46 Proximal 46
Ligation
Yes BC AVF 60 Ligation 76
Yes RC AVF 146 Proximal 146
Ligation
Yes RC AVF 24 Occlusion
Proximal
RC AVF 120 Ligation 156
Yes RC AVF 108 Ligation 192
Yes BC AVF 144 144
Yes RC AVF 84 Ligation 132
Yes RC AVF 39 Ligation 108
No RC AVF 8 22
Proximal
RC AVF 9 Ligation
rachiobasilic; BC, brachiocephalic; BV, basilic vein; F, female; GSV, great
.
treatment
diameter
(mm) Management Outcome Follow-up
58 No intervention . . . . . .
24 No intervention . . . . . .
35 GSV interposition
graft
Patent 38
80 BV interposition graft Aneurysmal
40 PTFE bypass Patent 21
38 PTFE bypass Patent 16
35 PTFE bypass Patent 48
70
39 GSV interposition
graft
Aneurysmal
50 PTFE bypass Patent 4
40 Allograft interposition
graft
Occlusion 12
25 PTFE bypass Patent 3
hiobasilic; BC, brachiocephalic; BV, basilic vein;GSV, great saphenous vein;gene
K
tran
BB, b) and
Maxue to embolic occlusion of both radial and interosseous
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April 20121054 Marzelle et alarteries, in one. Seven patients presented with brachial
aneurysms; of these, two had a combined radial aneu-
rysm, one had a combined axillary aneurysm, and one
developed an axillary aneurysm during follow-up. One
patient had an axillary aneurysm, one had a radial aneu-
rysm, and one had an ulnar aneurysm. Mean diameter of
aneurysms was 44.5 mm (range, 24-80 mm).
Two patients with total thrombosis had no ischemic
symptoms and declined intervention. Eight patients were
operated on, with a mean postoperative follow-up of
20.3 17 months (range, 3-48 months). Two patients
received a great saphenous vein (GSV) interposition graft
after aneurysm resection, of which one presented with AD
of the vein bypass combined with aneurysmal evolution of
the inflow brachial artery and was treated by replacement
using a PTFE bypass. One patient (Fig 2) had a basilic vein
interposition graft and presented with AD of the bypass
combined with AD of the inflow axillary artery and was
treated by a long PTFE bypass. Three patients were treated
by PTFE bypass and one by Dacron bypass because no
suitable GSV or upper limb vein was available. One patient
with a bifocal aneurysm was treated by allograft interposi-
tion grafts, which occluded at 12 months despite oral
anticoagulant therapy because of protein S deficiency. All
other bypasses remained patent.
The only postoperative complication occurred in pa-
tient 4, who presented with partial postoperative ulnar
nerve palsy after the second intervention (axillary aneurysm
and resection of the previous bypass). This resolved after 6
months. One patient died at 17 months of an unrelated
cause. Patient 8 had a contralateral radiocephalic AVF, with
rapid growth of radial artery diameter (from 2.5 mm to 13
Fig 1. Patient 6 (from left to right): Brachial artery ane
intraoperative view; contained rupture seen after openi
from the brachial artery to the forearm arteries.mm) associated with high flow (2.4 L/min) at 18 months. yhe patient refused proximal radial artery ligation and was
reated by proximalization of the anastomosis.
ISCUSSION
Aneurysms can develop in the inflow arteries of AVFs.
ost reported cases of AD have been a consequence of
ong-standing posttraumatic AVFs.3 Although some arte-
ial dilatations may decrease after AVF closure,4 others may
ersist, and furthermore, some may only appear after clo-
ure of the AVF,3 after 1 decade in most cases. The
econd cause of AD is vascular access. Other etiologies of
neurysms of upper limb arteries are a result of thoracic
utlet or congenital development anomalies (ie, aberrant
ight subclavian artery), various inflammatory diseases, or
therosclerosis. Sako and Varko,5 reporting on proximal
D in 57 AVFs (32 congenital and 25 acquired), suggested
hat themechanismwas shear stress due to high blood flow,
hich results in wall shear (tangential) stress.6 The pathol-
gy of the arterial walls of operated-on ADs is similar to that
f arteriosclerotic aneurysms.6
Why AD develops in only a limited number of patients,
ears after creation of the AVF—and even in most cases
fter closure of the AVF—is unclear: it could be related to
redominant shear vs circumferential wall stress7,8 because
f high flow but also to the influence of arterial risk factors,
uch as diabetes, tobacco use, and hypertension, on a
reviously diseased arterial wall. More recently, the role of
mmunosuppressive therapy9 on vascular remodeling, lead-
ng to transplant vasculopathy and also to stenotic and
neurysmal lesions, has been questioned.
The rarity of AD, compared with the number of vascu-
ar accesses created worldwide, may be because until recent
on preoperative magnetic resonance imaging imaging;
the resected specimen; polytetrafluoroethylene bypassurysm
ng ofears, the limited life expectancy of patients with ESRD
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plantation did not leave sufficient time for its occurrence.
The increasing number of young patients whose renal
function rebounds thanks to medical therapy, and the
development of renal transplantation, explain why a grow-
ing number of patients can discontinue hemodialysis. In
many cases, the AVF is ligated at the patient’s request.
The real prevalence of AD among patients with vascular
accesses is difficult to assess: the accesses in the patients in
our series were created in other centers; thus, it was not
possible to draw any conclusions by comparing them with
the total number of patients undergoing access procedures
in our centers during the same interval:
● Chemla et al10 reported 13 patients with brachial
artery aneurysms, identified from a prospectively main-
tained database, and all were associated with an autog-
enous brachiocephalic AVF, with an incidence of 4.5%.
Except for a slightly higher presence of hypertension
and a lower incidence of diabetes, all other risk factors
were not significantly different from patients with
ESRD undergoing hemodialysis.
● Eugster et al11 reported a statistically significant in-
crease in the arterial diameter after renal transplanta-
tion when the AVF remained patent. According to
their findings, dilatation of the brachial artery after
Fig 2. A, Preoperative view in patient 5 of a large bra
Turmel-Rodrigues); from left to right: (a) arteriomegal
the entire brachial artery; (c) distal brachial artery at the e
opacification of the basilic vein (arrow); (d) occlusion o
arteriovenous fistula comes from side branches of the inte
angiography (arrows from up to down): proximal anasto
ulnar artery; distal anatomosis of bypass to the interosseoAVF is time dependent and flow dependent. f● Among 581 procedures involving the brachial artery
performed at Cleveland Clinic Foundation12 between
1989 and 2000, only three concerned repairs of bra-
chial artery aneurysms. Of these, only one was of
degenerative origin, 21 years after closure of a Brescia-
Cimino radiocephalic AVF, and the other two were
iatrogenic false aneurysms.
● Six articles recently reported seven aneurysms that
might have been a consequence of vascular access of
the upper limb11-17 for ESRD. They are summarized
in Table III. Mean duration of AVF before closure was
9.2 years (range, 2-16 years). The aneurysm in one
patient was diagnosed while the AVF was still patent.
Ligation of the access does not always reverse or stop
D: among the six other patients of our series, the mean
nterval between AVF closure and diagnosis of the aneu-
ysm was 11 years (range, 3-19 years). Similar to what is
bserved in posttraumatic AVFs,14 the diagnosis of AD in
ll but one patient was made a long time after the AVF was
losed. Although seldom noted, a certain degree of arterio-
egaly often exists before the AVF is closed, as stated by
ale et al.13 More recently, Chemla et al10 reported a
ather homogeneous series of brachial artery aneurysms,
ith an average time for AD of 40  35.8 months; how-
ver, as in our series, they also reported rapid AD, from a
aneurysm. B, Angiogram of patient 4 (courtesy of Dr
e left subclavian artery; (b) aneurysmal degeneration of
origin of the ulnar artery (arrowhead) is above the joint;
ial artery; patent ulnar artery (arrowhead); flow in the
ous artery (arrow).C, Postoperative magnetic resonance
is of basilic vein interposition bypass; reimplantation of
tery.chial
y of th
lbow;
f rad
rosse
mosew days to months. In all reported cases, as in the series by
s
r
(
e
t
t
s
m
s
a
a
s
r
d
a
a
a
o
b
p
o
w
h
t
a
a
o
b
p
h
ic; GS
JOURNAL OF VASCULAR SURGERY
April 20121056 Marzelle et alChemla et al10 and in seven of our 10 patients, the AD was
located at the level of the brachial artery, eventually involv-
ing the axillary artery. Most accesses were proximal, but AD
can occur anywhere along the inflow vessels. In our series,
patients with a distal access, from the radial or ulnar artery,
had presented with high flow. Aneurysm growth was not
stopped by flow reduction in patient 4. Simple access
ligation in patient 3 did not prevent embolic complications.
Patient 8 had a thrombosed radial aneurysm that continued
to grow, despite occlusion of the radial artery, probably
because it was fed by collaterals from the interosseous
artery.
Potential risks. The major risk of AD is related to the
presence of thrombus in the aneurysm, related both to
turbulences and to modifications in wall characteristics. In
five of the seven reported cases (Table I), as well as in three
of our cases, emboli to forearm arteries or to digital arteries,
or both, were present. The risk of rupture seems low.
Although a patient’s presentation may be spectacular, be-
cause of volume and tortuosity of the diseased brachial
artery, no patient had symptoms of rupture at presentation.
In only one reported patient,12 as in one patient in our
series, was contained rupture discovered during interven-
tion. Open rupture has never been reported to our knowl-
edge, probably because the existence of a tight periadven-
titial fibrosis, as seen intraoperatively, is sufficient to contain
the rupture. However, pain, eventually associated with
local inflammation, is often present, although transient.
Large aneurysms may induce nerve compression: paresthe-
sia was reported in one patient13 as in two of our patients.
Few data support Rich’s theory4 about the reversibility of
arterial dilatation. Changes in the arterial wall make the
diseased artery at high risk of AD.
Patients presenting with arteriomegaly should be care-
Table III. Cases of aneurysmal degeneration (AD) in the
Variables Eugster11 Schunn12
Patients, No. 2 1
Sex N/A Female M
Age N/A 52
Risk factors N/A Hypertension Hy
Diabetes
Tobacco
AVF variables
Location N/A RC BC
Duration 10.5/6 2
AD variables
Time of diagnosis,
years
0/7 19
Location Brachial Brachial Ax
Complication(s) Distal emboli Thrombosis Ra
Contained rupture Em
Bypass GSV Forearm vein GS
AVF, Arteriovenous fistula; AVG, arteriovenous graft; BC, brachiocephal
polytetrafluoroethylene.fully monitored by annual evaluation searching for embolic aymptoms, and symptomatic patients should undergo pe-
iodic DUS scans to evaluate the thromboembolic risk
irregular thrombus, distal arteries occlusion). The event of
mboli in digital arteries should prompt surgical interven-
ion. The potential risk of surgery should be discussed in
he presence of diseased forearm arteries. The existence of
mooth regular thrombus within the artery should lead to
ore frequent controls. The rare incidence of AD does not
upport the recommendation of routine access ligation
fter transplant because the access may be used in case the
llograft fails.
Technical options. In the presence of a true AD,
urgery should be discussed in most cases before the aneu-
ysm grows and extends to the whole brachial artery. It is
ifficult to define the extent of arterial resection. Because
rteriomegaly is usually present at the level of the inflow
rtery, there is no evidence that resection limited to the
neurysmal segment will prevent further AD, as in two of
ur patients.
We did not find any report of radiologic intervention
ecause vessel tortuosity, size of the inflow artery, and the
roximity of the elbow joint usually preclude implantation
f stent grafts.
In the Chemla et al series,10 resection of the aneurysm
as followed by end-to-end reconstruction in more than
alf of the patients, without need for bypass; this interven-
ion is feasible when resection is limited to the aneurysm
nd when correction of the tortuosity of the above artery
llows anastomosis to be performed without tension. This
ption was not possible in any of our patients, probably
ecause of more extensive disease. A patient surveillance
rogram, with assessment of diameter by DUS scan, may
elp to diagnose AD earlier and to perform surgery before
ture
First author
le13 Nguyen14 Battaglia15 Sultana16
1 1 1 1
Male Male Male
5 51 58 57
nsion N/A Hypertension
Diabetes
Tobacco
RC RC, then
proximal
AVG
BC
7 16 13 10
3 8 13 16
-brachial Axillary-brachial Axillary-brachial Brachial
nd ulnar Paresthesia No Distal emboli
Digital emboli
GSV PTFE GSV
V, great saphenous vein; N/A, not available; RC, radiocephalic; PTFE,litera
Ha
ale
3
perte
illary
dial a
boli
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vein bypass should be preferred to prosthetic bypass when-
ever feasible; as in other indications, it provides a better
long-term patency. Vein bypass should be preferred when-
ever the distal brachial artery is involved at the joint. In case
of long bypass, reimplantation of the profunda brachii
artery, when patent, should be considered. In the absence
of a suitable vein conduit, areas of moderately dilated artery
should be preserved, especially in bending areas.
If the patient still requires hemodialysis, the choice of
the conduit may be different, and creation of a lower limb
AVF may be indicated. In one reported patient9 and in one
of our patients, a forearm vein was used. In our patient,
rapid dilatation of the basilic vein was one of the reasons for
reintervention. The great saphenous vein may also become
aneurysmal, as in one of our patients. Long bypasses may be
more prone to thrombosis because kinking at the joint may
occur.
When available vein(s) are limited, the length of the
bypass may warrant the choice of a prosthetic conduit. In
our experience, as in the literature, PTFE is more used than
Dacron grafts. Arterial allografts could also be used, as in
one of our patients, but we find two limitations: there is no
strong evidence that their stenotic or aneurysmal compli-
cations provide a better primary patency than grafts, and
their availability is limited in France. We thus believe that
their use should be restricted to validated indications, such
as arterial infections. Another reason for avoiding extensive
arterial resection and long bypasses, in the absence of true
AD, is that resection of the axillary artery may be hazardous
and may lead to nerve sequelae. However, it is difficult to
predict the evolution of upper limb arteries, as seen in two
of our patients; thus, careful and prolonged follow-up is
warranted.
CONCLUSIONS
Aneurysmal dilatation is a rare but significant compli-
cation of vascular access. The limited data of our series do
not support any definite treatment recommendations.
However, although no acute rupture has been reported, it
seems reasonable to discuss surgery as soon as AD is diag-
nosed. Cases of end-to-end anastomosis have been re-
ported, but in our experience, interposition bypass is usu-
ally required after aneurysm excision due to the extent of
AD. The choice of reconstructive conduit is debated: pa-
tients’ veins are not suitable or not available and may be
prone to AD in some unpredictable cases. Prosthetic by-
passes provide a fair midterm patency.
We thank Prof Didier Melliere for sharing with us his
experience of arterial dilatation developing after surgical
closure of posttraumatic AVFs.
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